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@ Pclycarbonatedlol composition and polyurethane resin. 

@ A polycarbonatedioi composition is disclosed having 
donate bonds and suitable amounts of ether bonds in a 
molecule, which can provide polyurethanes having high mech- 
anical strength and heat and moisture reslstibiiity, and 
furthermore having improved properties at low temperatures. 

Further disclosed Is a polyurethane resin prepared by 
reaction of an organic diisocyanate compound with the 
polycarbonatedioi composition. The polyurethane resin has 
excellent properties under low temperature conditions, while 
retaining high levels of mechanical strength, excellent reslsti- 
biiity under high heat and moisture conditions, etc., thereby 
maintaining a good balance of properties. The polyurethane 
resin in accordance with the present invention, is useful In a 
very wide variety of forms. Including spandex. rigid or flexible 
urethane foams, thermoplastic urethane elastomers and ther- 
mosetting urethane elastomers, adheslves, synthetic leather, 
and paints, etc. 
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Description 

POLYCARBONATEOIOL COMPOSITION AND POLYURETHANE RESIN 



5 FIELD OF THE INVENTION 

The present Invention relates to a novel polycarbonatedlol composition having both carbonate bonds and 
suitable amounts of ether bonds In a molecule, which are formed by using a polyether polyol as a component 
of diols. and having the property of being easily liquified. 
10 Furthermore, the present Invention relates to a polyurethane resin prepared by reaction of an organic 
dlisocyanate compound with the polycarbonatedlol composition, the polyurethane resin has an excellent 
property at low temperature conditions. 

IS BACKGROUND OF THE INVENTION 

Hitherto, polyurethane resins have been used In a wide variety of fonns including foams, adheslves, fibers, 
elastomers, and paints. 

They are prepared mainly by a reaction of an organic dlisocyanate compound with polyol compounds. 
20 The polyol compounds which have been employed Include polyether polyols such as polypropylene glycols, 
polytetramethylene glycols, polyester poiyois which are derived from divalent carboxylic acids such as adipic 
acid, and polyhydric alcohols, and polylactone poiyois which are obtained by a reaction of lactones with 
alcohols. 

A variety of polyol compounds have been used to produce polyurethane resin which is used for many kinds 
25 of purposes. 

However, as polyether polyols have many amount of ether bonds, the urethane resin which is produced by 
employing them has the disadvantage of being poor In heat resistibility and in weatherabiilty. 

The urethane resin which is produced by employing polyester of polylactone polyols has the disadvantage of 
being poor in water resistibility, thought to be due to presence of ester bonds. 
30 The use of polyols having carbonate bonds in their molecular structure has been proposed to produce novel 
urethane resins which overcome the foregoing disadvantages, (see U.S. Patents 3.879,348; 4,101,529; 
4.024.113; 4,103.070; 4,105.641; 4,377,670; 4,435,460 and QB Patent 1,525,933). 

The poiycarbonatepolyol which is used more widely than any other type of polyol compound is the polyol 
disclosed in US A-4.101.529 having a carbonate bond in the molecular structure containing 1.6-hexanedioi in 
36 the main chain of the molecular structure, as shown by formula (I): 

HO(CH2)6(OCO-(CH2)6)nOH (I) , 

The polycarbonatedlol having 1 .6-hexanediol structures in the main chain can produce a polyurethane resin 
having a very good balance of various properties, Including mechanical strength, excellent resistibility under 
40 high heat and moisture conditions, etc.. thereby maintaining a good balance of properties, and has also the 
advantage of being easy to produce on an industrial basis. 

The poIycariDonatediols having 1, 6-hexanediol structures In the main chain, however, has a melting 
temperature range of 40 to 50°C. therBfore, it Is a relatively hard wax-like solid at ordinary temperatures. A 
polyurethane resin prepared by reaction of an organic dlisocyanate compound with the polycarbonatedlol 
45 composition, therefore, has a disadvantage of being poor at low temperature conditions. 

Accordingly, it is required to be melted before use as a raw material for manufacturing urethane resins, etc.. 
using a tank for heating and melting. ^ *, ^ 

Furthemiore, the use of the tank for heating and melting Is inevitably required to prevent heat radiation from 
the surface of the tank and piping. Accordingly, It Is disadvantageous not only from the viewpoint of energy 
50 costs, but also plant costs. On the other hand, a polyurethane resin, which has an excellent property at low 
temperature conditions, prepared by reaction of an organic dilsocyanate compound with a polyether polyol 
composition has a disadvantage of being poor In heat resistibility. 

For the purpose of overcoming the above disadvantages, a random copolymer composed of e-caprolactone 
and dialkylcarbonate or dimethylcarbonate had been disclosed In Japanese Publication Laid-open 
SS No. 115925/1985 (entitled: A Process for Producing Polyurethane). 

The random copolymer Is liquid polyol having a low melting temperature. 

However a polyurethane prepared with said randomly copolymerized polyol has a disadvantage of being 
poor in heat and moisture resistibility. Such is thought to be due to ester bonds based on e-caproiactone in the 
molecules. The inventors of this Invention have now found that It is possible to solve the problems as 
60 hereinabove pointed out and produce polyurethanes having high mechanical strength and heat and moisture 
resistibility. and furthermore having improved properties at low temperatures by employing a particular 
polycarbonatedlol composition which has both carbonate bonds and suitable amounts of ether bonds In a 
molecule. 
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SUMMARY OF THE INVENTION 



The present invention has been found as a resuit of Intensive studies In order to develop novel 5 
poiycarbonatediol compositions and polyurethane resins. 

Therefore in accordance with the present Invention there is provided a poiycarbonatediol composition 
obtained by reaction of a compound selected from the group consisting of compounds which require 
dehydrochlorlnation. aikylene carbonates, diaryl carbonates and dialkyi carbonates, with an aliphatic diol which 
comprises a mixture of (1 ) from 20 to 80 mol o/o of a polyether polyol having molecular weight of from 300 to 10 
2,000, and (2) from 80 to 20 mol Vo of at least one polyvalent alcohol In which the number of carbon atoms in 
the polymer chain is not more than 20. 

According to a specific embodiment, the polyether polyol is polytetramethylene glycol having molecular 
weight of not more than 1,000. 

According to another specific embodiment, the polyvalent alcohol is 1,6-hexanedloI. 15 

According to another specific embodiment, the polyether polyol is polypropylene glycol having molecular 
weight of not more than 1,000. 

According to another specific embodiment, the polyvalent alcohol Is 1.4-butanedlol. 

According to another specific embodiment, the polyvalent alcohol Is 3-methylpentanedloI. 

The poiycarbonatediol composition of this Invention can provide a polyurethane resin having various 20 
excellent properties. 

Also, the polyurethane resins of this invention are prepared by a reaction of an organic dilsocyanate 
compound with the poiycarbonatediol composition. 

The polyurethane resin of the invention has excellent properties under low temperature conditions, while 
retaining high levels of mechanical strength, more excellent reslstibillty under high heat and moisture 25 
conditions, etc., thereby maintaining a good balance of properties. 

The polyurethane resin which is produced in accordance with the present Invention is more useful in a very 
wide variety of fomis Including spandex, rigid or flexible urethane foams, thermoplastic urethane elastomers 
and thermosetting urethane elastomers, adhesives, synthetic leather, and paints, etc. 



DETAiLED DESCRIPTION OF THE iNVENTION 

TTie present invention is described below in more detail, 

in the poiycarbonatediol composition, examples of compounds which require dehydrochlorlnation Include 35 
phosgen, blschloroformate, etc. 
Aikylene carbonates Include ethylene carbonate, 1, 2-propylene carbonate, 1.2-butyiene carbonate, etc. 
Diaryl carbonates include dlphenyl carbonate, dinaphtyl carbonate, etc. 
Dlalkyl carbonates Include dimethyl carbonate, diethyl carbonate, etc. 

Any of these compounds can be allowed to react with an aliphatic diol which comprises a mixture of (1) from 40 
20 to 80 mol Vo of a polyether polyol having molecular weight of from 300 to 2.000, and (2) from 80 to 20 mol oyb 
of at least one polyvalent alcohol In which the number of carbon atoms In the polymer chain is not more than 
20 which Is further described below to form a poiycarbonatediol composition. 

Polyether polyols which can be employed for the purpose of this invention include a polyvalent alcohol such 
as polyethylene glycol, polypropylene glycol, polybutytene glycol, etc. and also a polyether polyol obtained by 45 
copolymerlzing ethylene oxide and propylene oxide. 

Furthermore, polytetramethylene glycol (PTMG) can be used, which is a polymer obtained by ring-opening 
polymerization of tetrahydrofran. 

The molecular weight of the above-described polyether polyol is from 300 to 2.000. 

If the molecular weight of the polyether polyol is less than 300. the features of poiycarbonatediol 50 
composition obtained by use of the polyether polyol are lost and no polyurethane having a good balance of 
properties can be produced. ^ 

On the other hand. If the molecular weight of the polyether polyol Is more than 2.000. the resultir^ 
poiycarbonatediol composition Is undesirably high, for example, having a molecular weight at least from 4,000 

to 5 000 ^ 

Poiycarbonatediol composition having the molecular weight of from 4.000 to 5.000 is not suitable as a raw 
material for preparing polyurethane. Polyvalent alcohols having the number of carbon atoms not more than 20 
which can be employed for the purpose of this Invention include ethyleneglycol. 1 .2-propanediol. 
1 S-butanedlol, 2-methyl-1 ,3-propanediol, neopentyl glycol, 2-methylpentanedlol, 3-methylpentanediol, 
2!2.4-trimethyl-1.6-hexanediol. 3,3,5-trimethyl-1.6-hexanediol. 2.3,5-trimethyi-1 ,6 pentanediol. etc. 60 
' It Is possible to use either one kind of polyether polyol or a mixture composed of two or more kinds thereof. 
A mixture composed of from 20 to 80 mol <Vb of polyether polyol having a molecular weight of from 300 to 
2000 and from 80 to 20 mol o/b of at least one polyvalent alcohol. In which the number of carbon atoms In the 
polymer chain is no more than 20 is allowed to react with a dialkyi carbonate, etc.. to produce a 
poiycarbonatediol composition. ^ 
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If the mixture contains less than 20 mol (Vb of a polyether poiyol having molecular weight of from 300 to 2.000, 
the resulting polycarbonatediol composition is inferior In various kinds of properties under the low 
temperature conditions. 

It is not the quality which is aimed by this invention. 
5 On the other hand, if the mixture contains more than 80 mol Wo of a polyether poiyol having molecular weight 
of from 300 to 2,000, the features of polyvalent alcohol are lost, and no polyurethane that Is satisfactory in 
mechanical strength, etc. can be produced. 

In the event that a dialkyi carbonate Is used for the purpose of this invention, it is preferable to use dimethyl 
or diethyl carbonate. 

10 In the case that a dialkyt carbonate compound Is used as a carbonate compound, the reaction for the 
preparation of the polycarbonatediol composition of the present invention Is represented by the fomiula: 

nR-0 C 0-R + (n + 1 )HO-R'-OH 
? 

IS « HO-R'(0 C 0-R')n-OH +2nR0H 

wherein R is an alkyl group, and R' is an alkylene group. 

In the case that phosgen or a bischioroformate Is used to prepare the polycarbonatediol composition, the 
scheme of the reaction can be represented as follows: 

(I) phosgen + did 
20 y 

nCI-C-Ci + (n+1)H0-R-0H 
o 

= H0-R(0C0-R)n-0H+2nHCI 

(II) bischioroformate + diol 
25 ? ? 

nCI-C-R'O-C-CI + (n+1)H0-R-0H 
o o 

- HO-R-(0-C-R'-0-C-0-R)nOH + 2nHCI 

(wherein R and R' are alkylene group) 
30 Both reactions (i) and (il) can be described as dehydrochlorination reactions. 

The two kinds of diol compounds which are used as the starting materials are incorporated Into the 

molecule randomly by a carbonate bond. 
If one of them is shown as I^O-Ri-OH, and the other as HO-R^H, 

-0-c 0-Ri-0-§-0- and -O-cO-R^-O-c-O- 
35 0 o 0 0 

are present randomly In the mofecule. 
The random combination in the polycarbonatediol composition results in disordered crystailinity, to thus 

obtain a polycarbonatediol composition having excellent properties underthe low temperature conditions. The 

crystailinity depends on 1,6'hexanediol structures. 
40 Detailed description is set forth below of the reaction process, etc., which are applicable when, for example, 

a dialkyi carbonate Is employed as the material to be reacted with the aliphatic diol comprising a mixture of (1) 

from 20 to 80 mol o/o of a polyether poiyol having molecular weight of from 300 to 2,000, and (2) from 80 to 20 

mol of at least one polyvalent alcohol in which the number of carbon atoms in the polymer chain is not more 

than 20. 

45 it Is possible to employ for the reaction any catalyst that Is conventionally employed for an ester Interchange 
reaction. 

More specifically, it Is possible to use, for example, a metal such as lithium, sodium, potassium, rubidium, 
cesium, magnesium, calcium strontium, barium, zinc, aluminium, titanium, cobalt, gen^manium, tin. lead, 
antimony, arsenic, or cerium, or an alkoxide thereof. 
50 Other examples of preferred catalyst include alkali and alkaline earth metal carbonates, zinc borate, zinc 
oxide, lead silicate, lead cariaonate. antimony trioxlde. gemianium dioxide, cerium trioxide, and aluminum 
isopropoxide. 

Partlculariy useful catalyst are organic metal compounds such as the magnesium, calcium, cerium, barium, 
zinc, tin, titanium, or other metal salts of organic acids. 
55 ft Is generally appropriate to use the catalyst in the amount which is equal to 0.0001 to LO^/o. and preferably 
0.001 to 0.20/0. of the total weight of the starting materials, 
it Is preferable to employ a reaction temperature of about from 80°C to 220°C. 
A temperature in the neighborhood of the boiling point of dialkyi carbonate is employed during the initial 
stage of the reaction, and as the reaction proceeds, the temperature is gradually raised. 
5(7 A reaction vessel having a distillation column is usually employed to enable the separation of the diol 
compound which is produced from the dialkyi carbonate employed as the starting material. 

The reaction Is caused to take place while the dialkyi carbonate Is refluxed, and the alcohol which is 
produced ^th the progress of the reaction Is removed by distailatlon. 
In the event that a part of the dialkyi cart>onate is lost by azeotropy with the alcohol which is removed by 
65 distillation, it is advisable to take the amont of any such possible loss of dialkyi cart>onate into consideration 
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when weighing the starting materials to be charged Into the reaction system. , . ^. ..^ , 

Although It is obvious from the reaction formula which has hereinabove been given that n mols of diallcyl 
carbonate and (n+1) mols of diol compound define their theoretical molar ratio. It is In practice preferably to 
employ a molar ratio of dialkyi caitonate to diol compound which Is from 1.1 to 1.3 times greater than their 

theoretical molar ratio. ^ ^ . „ ^ ,^M.^^^A 

Although the reaction may be performed at normal pressure, its progress can be promoted If a reaucea 
pressure In the range of, say, 1 to 200 mmHg is employed during its later stage. 

The molecular weight of the polycarbonate diol composition which is employed for the purpose of this 
Invention can be adjusted If the molar ratio of the diol compound and the other materials, such as dialkyi or 
diaikylene carbonate, to be reacted is altered. , ^ , , : ^ th- 

In other words, the molecular weight can be adjusted as the value of n in the formula Is varied. The 
polycarbonatedloi composition can be hydrated to confirm the structural components by an analysis of 
hydrated products with gas chromatography or NMR. 

On the other hand, the invented polyurethane resin, can be prepared by a reaction of an organic Isocyanate 
compound with the above described polycarbonatedloi composition. 

Examples of the organic diisocyanate compounds which can be employed Include 2.4-tolylene diisocyanate, 
26-tolyiene diisocyanate. 4.4'-dlphenylmethane diisocyanate. tolldine diisocyanate, xylene diisocyanate. 
hydrogenated 4.4'.diphenylmethane diisocyanate. hexamethylene diisocyanate. Isophorone diisocyanate, 
4,4'-dicycIohexylmethane diisocyanate. 1,5-naphthalene diisocyanate, carbodllmlde- modified methylene 
diisocyanate and xylylene diisocyanate. 

One or more compounds are employed. 

A chain extender may also be present in the mixture, if desired. 

A low-molecular compound having active hydrogen can be used as the chain extender. 

Specific examples thereof are ethylene glycol, propylene glycol. 1 .4-butylene glycol, 2-methylpropanediol, 
neopentyl glycol, pentane-diol. 1 .e-hexanediol. ethyienediamlne. propylenediamine. hydrazine, isophorone- 25 
diamine, metaphenylenediamlne. 4.4'-diaminodiphenylmethane. diamlnodiphenylsulfone. and 3.3-dichIoro- 
44'-diamlnodiphenylmethane.The manufacture of polyurethanes by this invention can be accomplished either 
by the prepolymer process In v^ich a polyol and an excess of an organic disocyanate compound are allowed 
to react to form a prepolymer having Isocyanate group in terminal positions and the prepolymer is allowed to 
reaSith a did, dtemlne, etc.. as a chain extender, or by a one-shot process In which all of the constituents 30 
required for making a polyurethane are added simultaneously. 

A solvent may or may not be used for performing any such reaction. 

If any solvent Is used, it is preferable to use an inert one. 

Specific examples of the solvents which can be used are toluene, ethyl acetate, butyl acetate, methyl ethyl 
ketone, dimethylformamide. and tetrahydrofuran. 

A catalyst can be employed for promoting the reaction for urethane formation. 

It Is possible to use as the catalyst, for example, an organic tin compound such as tin octylate or dibutyl-tin 
dllaurate. or a tertiary amine such as N-methylmorpholine or triethyl amine. u„^,^k„«h tn 

The c^onatedlol composition and polyurethane resin of the present Invention can be hydrol^^ed to 
ana^e partial molecular structure, which composes a mixture of from 20 to 80 mol o/o of a po ye^^^^^^^^^ 
S molecular weight of from 300 to 2,000. and (2) from 80 to 20 mol 'f^J^^^^^ 
which the number of carbon atoms in the polymer chain is not more than 20, of the hydrolyzed products by 
analysis with gas chromatography or an NMR analyzer. 

The present invention Is further illustrated below by examples. ^ 

^SSSask having a capacity of two liters and equipped with a stirrer a thermom^^^^^^ and a 
distillation column having 1 0 perforated plated was charged with 620 g (6.89 mols) of dlmethylcarbonate. IAQq 
STS)Tl 6-hexanedioL 640 g (0.77 mols) of polytetramethylene glycol having molecular weight of 830 
pSS proS^^ Mitsubishi Chemical Co.. Ltd.) and 0.30 g of tetrabutyl titanate as a cat^ys^^^^ 
™e reaction was performed at normal pressure with the dlmethylcarbonate being boiled, and the resulting 

"^Je't^ItT^^^ was gradually raised to 200oc and when the formation of methanol 

sto^ped S^^^^ evacuation of the vessel was started and continued unt a/educed pr^^^^^^^^ 

S S^mmHg was ultimate? readied, whereby the raw materials were removed by distillation and a reaction 

'Te'SeCS^^^^^^ composition was a paste having a hydroxyl number of 65.2 and a melting 
point of about SOOQ. 

^SfefSall was repeated. exceptthat640g (0.77 mols) of polytetramethylene glycol v«9 replaced 
wiS g (oSSols) of polypropylene gjcol having molecular weight of 750 (Sunnix PP 750 produced by 

San-you Chemical Co., Ltd.). ^ ^ a ^..«,w«r c7 1 

The obtained polycarbonatediol composition was a viscous liquid having a hydroxyl number of 67.1. 
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Synthesis Example 3 

Synthesis Example 1 was repeated, except that 1.6-hexanediol was replaced with 740 g (6.27 mols) of 
3-methyl-1.5-pentanediol. The obtained polycarbonatedlol composition was a wscous liquid having a hydroxyl 
number of 55^ 

5 

Synthesis Example 4 

Synthesis Example 1 was repeated, except that 1 ,6-hexanediol was replaced with 990 g (11 mols) of 
1,4'butanediol. 

The obtained polycarbonatediol composition was a paste having a hydroxyi number of 56.5 and a melting 
10 point of 30°C. 

Synthesis Example 5 

Synthesis Example 1 was repeated, except that 1.6-hexanedlol was replaced with a mixture composed of 
3-methylpentanediol/1 ,6-hexanediol =2/1 based on molar ratio. 
15 The obtained polycarbonatediol composition was a viscous liquid having a hydroxyl number of 55.8. 

Synthesis Example 8 

Synthesis Example 1 was repeated, except that 640 g (0.77 mols) of polytetramethylene glycol having 
molecular weight of 830 was replaced with 640 g (0.98 mole) of polytetramethylene glycol having molecular 
20 weight of 650 (PTMG 650 produced by Mitsubishi Chemical Co.. Ltd.). 

The obtained polycarbonatediol composition was a viscous liquid having a hydroxyl number of 57.2. 
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Comparative Synthesis Example 
Synthesis Example 1 was repeated, except that only 1,6-hexanediol was used as a diol compound. 



Examples from 1 to 6. Comparative Example 

Polyurethane resins were synthesized from the polycarbonatedlol compositions prepared in Synthesis 
Examples from 1 to 6 and in Comparative Synthesis Example, respectively under reaction conditions 
hereinafter stated. Parts by weight. 

A polyurethane film having a thickness of 150 microns was formed from each polyurethane resin and 
examined for physical properties. 



Reaction Conditions for the Synthesis of Polyurethane resins: 



(1) Component: 



Polyol 100 parts 

1.4-BQ 8.3 parts 

40 MDI 35.6 parts 

Solvent (DMF) 267.3 parts 

(Note) Polyol (Mw2000)/1,4-BQ/MDi 

NCO/OH « 1.03 
1.4-BQ/polyol = 2.0 
1.4-BQ: 1.4-butanediol 

methylene 
diisocyanate 
so DMF: dimethyl 

formamlde. 



(2) Reaction Steps: 

55 A reaction vessel was charged with 100 parts of polyol, 8.3 parts of 1,4-BG and 144 parts of solvent and 
heated to a temperature of 60°C. 
Then, the vessel was charged with 35.6 parts of MDI and further heated. 
Then, the vessel was charged with 35.6 parts of MDI and further heated. 
After the temperature of the vessel raised to 80°C, the temperature was kept for several hours. 
60 Then, the temperature was dropped to 60^ C. 

When the temperature had dropped to 60° C, the vessel was additionally charged with 123.3 parts of solvent, 
and aging was allowed to take place at that temperature. 
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(3) Properties of Polyurethane resins: 



NV (0/0) 

Viscosity (cp at 25"*) 
Solvent 



= 35 

» 60,000 to 80.000 
^ DMF 



(4) Formation of Fiim: 

A polyurethane resin soiution was coated onto a slieet of 
tlnlcl<ness of 150 microns. 



release paper and dried to form a film having a 



(5) Examination of Physical Properties: ^ u 

JIS K6301 (Physical Testing Methods for Vulcanized Rubber) # 3 dumbbell specimens were formed from each 
film and were examined for physical properties using a Shimadzu (model PCS-5000). 

The results obtained in Examples from 1 to 6 and in the Comparative Example are shown in Table 1 . 

Table 1 1ndicates that polyurethane resins synthesized according to the polycarbonatediol compositions of 
the present invention are quite excellent In modulus under low temperature conditions compared to that of the 

^°S3sSffd in Synthesis Example 1 to 6 and Comparative Synthesis Example are shown In Table 1. 

Table 1 1ndicates that polyurethane resin according to the present invention has an excellent property under 
low temperature conditions. 

Table 1 



Ex. 


Ex. 


Ex. Ex. 


Ex. 


Ex. 


Com- 








parative 


1 


2 


3 4 


5 


6 


Example 






Used PCD 






Used PCD 


(1) 


(2) 


(3) (4) 


(5) 


(6) 


(e) 



100V0 M 


49 


40 


45 


60 


45 


52 


69 


(kgf/cm^) 
SOOQA) M 


101 


60 


120 


110 


108 


150 


410 


(kgf/cm2) 
Strength 


411 


215 


458 


502 


490 


520 


652 


(kgf/cmZ) 
E (0/0) 
1000^ M at 


567 
71 


320 
102 


550 
80 


490 
76 


520 
73 


540 
98 


652 
728 


-WC 
















(kgf/cm!^) 
3000/0 M at 


260 


150 


250 


240 


270 


230 




-10»C 
















(kgf/cm2) 
1000/0 M at 


162 


350 


180 


190 


146 


186 


403 


















(kgf/cm2) 
3000/0 M at 


648 




630 


720 


598 


740 




















(kgf/cmZ) 

















PCD: polycarbonatediol composition 
M: modulus 
E: elongation 

used PCD(1) to (e) : PCD prepared in Synthesis Examples from 1 to 6 and in Comparative Synthesis 
Example 

When the invention has been described In detail and w«th reference ^V^/'JfL'r.SSe^S; wlS^ 
apparent to one skilled in the art that various changes and modifications can be made therein without 
departing from the spirit and scope thereof. 
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Claims 

1. A polycarbonatedlol composition obtained by reaction of a compound selected from the group 
consisting of compounds which require dehydrochiorination, aikylene carbonates, diaryl carbonates and 

. diail<yl carbonates, with an aliphatic diol which comprises a mixture of (1) from 20 to 80 mol Wooia 
polyether polyol having molecular weight of from 300 to 2,000, and (2) from 80 to 20 mol Q/b of at least one 
polyvalent alcohol in which the number of carbon atoms In the polymer chain Is not more than 20. 

2. A polycarbonatedlol composition as set forth In claim 1, wherein said polyether polyol is 
polytetramethylene glycol having molecular weight of not more than 1 ,000. 

3. A polycarbonatedlol composition as set forth In claim 1, wherein said polyvalent alcohol is 
1,8-hexanedloI. 

4. A polycarbonatedlol composition as set forth in claim 1, wherein said polyether polyol is 
polypropylene glycol having molecular weight of not more than 1 ,000. 

5. A polycarbonatediol composition as set forth in claim 1. wherein said polyvalent alcohol Is 
1,4-butanedioI. 

6. A polycarbonatediol composition as set forth in claim 1, wherein said polyvalent alcohol Is 
3-methylpentanediol. 

7. A polyurethane resIn prepared by reaction of an organic dllsocyanate compound with a 
polycarbonatedlol composition obtained by reaction of a compound selected from the group consisting 
of compounds which require dehydrochiorination, aikylene carbonates, diaryl carbonates and dialkyi 
carbonates, with an aliphatic diol which comprises a mixture of (1) from 20 to 80 mol o/o of a polyether 
polyol having molecular weight of from 300 to 2,000, and (2) from 80 to 20 mol o/o of at least one polyvalent 
alcohol In which the number of carbon atoms in the polymer chain Is not more than 20. 

8. A polyurethane resin according to claim 7, wherein the polycarbonatedlol Is as defined in any of 
claims 2 to 6. 
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